The histidine (his) operon of Salmonella typhimurium is bordered on both sides of the chromosome by regions in which few genetic functions have been identified ( Fig. 1; 7) . The regions immediately adjacent to the his operon do not code for essential functions since strains bearing his deletions which extend into these regions require only histidine for growth under laboratory conditions. This study began as an effort to identify one or more of the unknown gene functions on the operator side of the his operon in the hope that a suitable outside marker might be developed to aid in mapping studies of the his genes, especially the operator site. Evidence is presented in this report for the existence in the his operator proximal region of the chromosome of one or more loci affecting hydrogen sulfide production.
MATERIALS AND METHODS
Media. Nutrient broth (Difco) plus 0.5% NaCl was used as complete media. Minimal medium was the E mineral salts medium of Vogel and Bonner (9) supplemented with 0.2% glucose. Complete and minimal medium were solidified in 1.5% agar. E agar was minimal agar without glucose. Media used to detect H,S production were: peptone iron agar (P. I. agar); lead acetate agar; and Kligler iron agar (K. I. agar), all products from Difco.
Bacterial strains and bacteriophage. The S. typhimurium his deletion strains used in this study are given in Fig. 1 . These strains have no known mutations, other than the indicated his deletion mutation, except for strains, his-1448 and his-3050, which have an Ara-mutation (ara-9), and strain his-2226, which has a hisO mutation (his01242). Other strains used in this study are listed in Table 1 . All S. typhimurium strains are derivatives of LT2 except his-101 which is a derivative of LT7. Strains were grown in nutrient broth at 35 C without agitation, unless otherwise noted.
Broth lysates of P22L4 (8) were used for transduction. The lysates were prepared as described (3) using initial multiplicities of infection of approximately 0.01.
Isolation of strains CP2 and CP3. The stock strain of S. typhimurium LT2 carried in our laboratory is heterogeneous with respect to H2S production. When a nutrient broth culture of this strain was examined by the P. I. agar plate procedure, it was found that only 77 out of a total of 729 colonies examined were black, the remainder of the colonies being pale. A black and a pale clone from this plating were grown in nutrient broth, and the cultures were diluted and plated in P. I. agar. All 190 clones obtained from the black colony culture remained black. One of these was stocked as CP2. All 354 clones obtained from the pale colony culture remained pale. One 
hi8-3153 (deletion cov- (10) ering his operon and gnd), thi-, (lac- production by the P. I. agar stab procedure. As controls, donor and recipient strains were also stabbed into P. I. agar. F-duction to His+ and testing of F-ductants for H,S production. The F' his donor strains, XX28 and SB2063, were cultured in minimal medium plus thiamine and in minimal medium plus proline and thiamine, respectively, at 35 C without agitation. Recipient strains were cultured in nutrient broth. Donor and recipient cultures were diluted into 9.0 ml of nutrient broth to give a total volume of 10 ml and a donor:recipient ratio of about 1:30. The mating mixtures were incubated for 1 h at 35 C without agitation, and diluted and plated on E agar. E agar contains citrate, which S. typhimurium can use as an exogenous carbon source but Escherichia coli cannot. As controls, the donor and recipient cultures were plated separately on E agar. Plates were incubated for 5 days at 35 C. Randomly selected His+ F-ductant colonies were tested for H2S production by streaking with sterile toothpicks on K. I. agar. In crosses where the K. I. agar streaks gave negative reactions, additional F-ductant clones were assayed by the P. I. agar stab procedure.
RESULTS
Analysis of his deletion strains. The region of the chromosome immediately adjacent to the operator end of the his operon contains no gene functions essential for growth. Indeed, all the his deletions shown in Fig. 1 production were included among those employed. Initially, we observed that, unlike the wild-type strain, the his-515 deletion strain (Fig. 1) , which lacks the his operon and adjacent regions on both sides of the operon, gave a negative reaction when tested for H,S production in lead acetate agar or P. I. agar stabs. Therefore, a number of other extended his deletion strains were assayed for H,S production by the P. I. agar stab procedure. The results are indicated in Fig. 1 . Those strains which gave positive reactions (his-22, his-1300, his-712, his-101, his-640, his-63, his-2226, his-644, his-3050) have deletions which, taken together, span the entire his operon and the region to the right (as depicted) inclusive of the gnd gene and rfb gene loci. Those strains which gave negative reactions either lack regions on both sides of the operon (his-515 and his-1448) or on the operator side only (his-538 and his-646). These results thus suggested that there was a locus affecting H,S production on the operator side of the his operon.
Co-transduction of H,S production ability with his. P22L4 phage grown on the wild-type LT2 strain was used to transduce the his-538 and his-646 strains to His+. Eight transductant clones of each recipient strain were tested for H,S production. All were H,S positive ( Table 2, experiment 1). Half of the his-646 transductants showed the delayed positive reaction (see Discussion). Subsequently, it was found that the wild-type LT2 strain used as donor in this experiment was heterogeneous in its H,S phenotype and was composed of both H,S-positive and H2S-negative cells, the former constituting only about 10% of the total population. These two types of cells were isolated to give the uniformly H,S-positive strain, CP2, and the uniformly H,S-negative strain, CP3 (Materials and Methods). Transduction of the his-538 and 2. his-538 CP2 2.8 x 10-7 10 10 his-538 CP3 2.4 x 10-7 10 10 3. his-646 CP2 6.7 x 10-a 10 l0b his-646 CP3 6.6 x 10-8 10 10 a Four of the eight were delayed H,S positive. b One of the ten was delayed H,S positive. his-646 strains was then repeated by using these two strains as donors. Irrespective of the donor strain, all His+ transductants were H,S positive (Table 2 , experiments 2 and 3), indicating that CP3, as well as CP2, contains a wild-type his-linked H2S locus.
These transduction studies indicate that genetic information necessary for H2S production is carried on a region of the S. typhimurium chromosome which is linked by transduction to the his gene region. From our results, we infer that our LT2 strain is uniformly wild-type with respect to this his-linked locus, but is largely mutant at some other site on the chromosome, not co-transducible with his, which also affects H,S production.
F-duction studies. FS400 and FS401 are two F-prime factors which carry the his region of the S. typhimurium chromosome (10) . These episomes are routinely maintained in strains of E. coli which have his operon deletions. Two such strains, SB2063 which harbors FS400, and XX28 which harbors FS401, were used as donors in F-duction of strains his-538 and his-646. His+ F-ductants from these crosses were assayed for H2S production by streaking onto K. I. agar. The results (Table 3) indicate that FS401 carries the genetic information for H2S production which is missing in the donor strains, whereas FS400 does not.
DISCUSSION
Evidence is presented that a genetic site affecting the ability of S. typhimurium to produce H,S is linked to the his operon. Analysis of extended his deletion strains indicates that the site involved is located in the region of the chromosome adjacent to the operator side of the his operon. The closest known gene to the his operon on the operator side is supD which does not appear to be cotransducible with his (4, 7) . Three of the his deletion strains (his-538, Alternately, FS400 may contain a mutated H2S locus.
We find that H2S variants in our stocks of Salmonella seem to be of frequent occurrence.
The reason for this is unknown but it may be that the enzymatic ability to produce H2S is somewhat detrimental to S. typhimurium during growth and maintenance under laboratory conditions so that H2S mutants tend to accumulate in laboratory strains.
